Introduction
Several papers have contributed to the knowledge of silica-scaled chrysophytes in arctic and subarctic regions. Alaska was explored by Asmund & Hilliard (1961) , Asmund (1968) , Asmund & Takahashi (1969) and the chrysophyte flora of northern Canada was studied by McKenzie & Kling (1989) . A few studies were made in Greenland (Nygaard 1978 , Jacobsen 1985 , Kristiansen 1992 , Kristiansen 1994 , Wilken et al. 1995 , Iceland (Bradly 1964 , Kristiansen 1995 and northern Finland (Hällfors & Hällfors 1988) . Surveys of scaled chrysophytes were also made in arctic regions of Russia (Balonov 1982 , Balonov & Kuzmina 1986 , Kristiansen et al. 1997 , Siver et al. 2005 . These investigations help to detect the northern limits of the biogeographical distribution of individual species. As these territories are mostly uninhabited, recent research can serve as a base line for future estimation of anthropogenic influence. Several new taxa have been described from arctic regions; e.g. S. petersenii f. taymyrensis (Kristiansen et al. 1997) , and Mallomonas actinoloma (Asmund & Takahashi 1969) . The investigations were performed mostly on oligotrophic lakes and ponds of circumneutral pH. Information concerning diversity of silica-scaled chrysophytes in northern small acidic waterbodies (mires and peatbogs) is still fragmented.
Abisko (68°21'N, 18°49'E) is situated in Swedish Lapland, about 200 km north of the Arctic Circle, on the south shore of Lake Torneträsk. According to the type of bedrock, the studied localities can be divided into different groups (Ekman 1957) . Group A comprises localities (1, 2) with bedrock formed by granite and other Precambrian rocks. Localities 3, 4 (group B) are characterized by bedrock of metamorphic sediments and gneisses. Localities 5-8 with bedrock of phyllitic and quartzitic rocks belong to group C.
From the phycological point of view, the Abisko region is one of the best explored areas in Swedish Lapland, due to the work of Skuja (1964) . In his comprehensive monograph numerous new species were described, some of these taxa have not been found anywhere else. The only EM research of silica-scaled chrysophytes was done by Petersen & Hansen (1958) , based on dried material on slides provided by Skuja. They transferred small groups of scales to formvar coated grids and examined them in an electron microscope. Scales of Synura lapponica Skuja were found and described. The same authors also described a new form of S. petersenii Korshikov, f. macracantha, which was later raised to the rank of species: S. macracantha (J.B.Petersen & J.B.Hansen) Asmund. No chrysophyte research has been published from this area since then.
Material and methods
Our research focused mostly on the small acidic water bodies in bogs and fens. Sampled sites were located in the surrounding of Nuolja Lake, along the road E10 between Stordalen and Abisko Tourist Station and along the same road between Katterjåkk and Låktatjåkko. A total of 18 localities were sampled only once in July 2003, silica-scaled chrysophytes were found only in 8 of them (see Fig.  1 and Tab. 1). Localities 5-7 were situated in a palsa mire. Palsas are permanently frozen dry peat hummocks that emerge above the adjacent wet mire surface (Oksanen & Pirita 2006) . The collected samples consisted of total water, top layer of the sediment and water squeezed from mosses (sites were too shallow to use the plankton net). Water temperature, pH and conductivity were measured at the time of collection (Hanna pHep 3 pH-meter, Hanna Dist WP 3 conductometer). The samples were briefly examined in Abisko Research Station and preserved with 3% formaldehyde solution. In the laboratory samples were purified by repeated centrifugation with distilled water. Drops were dried onto formvar coated grids (Řezáčová 2006) . Grids were examined with a Philips 300 transmission electron microscope.
Results
Altogether 10 species of silica-scaled chrysophytes belonging to classes Synurophyceae and Chrysophyceae were found.
Synurophyceae

Synura echinulata Korshikov
Figs 6, 7
This is a cosmopolitan and one of the most frequently reported species, restricted predominantly to neutral to acidic waters (Siver 1995) . Found at localities 5, 6 and 8. The scales are oval to almost circular, 3.9-4.4 μm long and 2.4-3.7 μm wide. The dorsal ridge (or keel) is extremely broad (1.4-1.7 μm), with a very small foramen, sometimes hardly visible. The ridge terminates with a short and narrow keel tip (or spine). There are no pores on the keel tip. The struts reach the proximal rim of the scale and are connected to one another by one to three parallel ribs.
Synura obesa
The small keel foramen is visible only in Fig. 3 . The large hole visible in all three figured scales is due to a damage of the ceiling of the keel cavity (Kristiansen, pers.comm.) .
Synura petersenii f. truttae Siver, S. petersenii f. bonaerensis Vigna and S. macracantha (J.B.Petersen & J.B.Hansen) Asmund are other taxa with a very broad keel and a dense net of interconnected struts on the base plate (see Table 2 ). Synura petersenii f. truttae and f. bonaerensis differ from S. obesa in having more oblong scales with flanges of different size (Siver 1987 , Vigna 1979 . The pattern of interconnected struts in S. obesa has a more circular outline in comparison to S. macracantha. In addition, the keel tip (spine) in S. macracantha is large and strong bearing conspicuous pores, and there is a large foramen at the keel base. Both species seem to have a similar autecology and distribution. Synura macracantha originally described as S. petersenii f. macracantha J.B.Petersen & J.B.Hansen from samples collected in Abisko by Skuja (Petersen & Hansen 1958) , was later also found in Alaska by Asmund (1968) .
The dimensions of scales of S. obesa and other taxa from the section Petersenianae are compared in Table 2 . Synura obesa was found at localities 2 and 4.
Synura petersenii f. bjoerkii Cronberg & Kristiansen Fig. 10 This taxon is characterized by oblong scales with stout and acute spine, the rim is broadly upturned. In our population the neighbouring struts of the base-plate formed almost circular structures, only some of the most basal struts slightly bifurcate. Cronberg & Kristiansen (1980) described this form from an oligothrophic humic lake (pH 5.6, temperature 6.2°C) in southern Sweden. Later, it was found in USA (Wawrzyniak & Andersen 1985 , Siver 1987 and Germany (Hartmann & Steinberg 1989) , but no ecological data were provided in these papers. During our investigation S. petersenii f. bjoerkii occurred in a palsa mire (locality no. 6) with pH 4.8 and conductivity 34 mS.cm -1 . This taxon seems to prefer acid conditions. As far as is known S. petersenii f. bjoerkii is restricted to northern temperate regions. Several populations of S. petersenii with strongly silicified scales with ribs connected by transverse folds were observed. It is disputable whether f. kufferathii and f. glabra Siver (syn. var. glabra Huber-Pestalozzi) should be distinguished from f. petersenii, because continuous morphological gradients between the scale types is often noted (Nicholls & Gerrath 1985 , Siver 1987 . It seems obvious that the degree of development of secondary structures (length of struts and their transverse connection) is correlated with ecological factors, in particular dissolved silica concentration (Němcová, unpublished) . Sandgren et al. (1996) showed in laboratory experiments with one cell (colony) isolates that S. petersenii var. glabra scales could not be distinguished from f. petersenii scales from a clone grown under moderate silica stress. To resolve taxonomy of the S. petersenii complex, more extended phylogenetic studies combined with scale morphological investigations (e.g. geometric morphometry) are needed. Synura petersenii was found at localities 1, 3, 4, 5, 7 and 8.
Synura petersenii
Synura sphagnicola Korshikov Figs 8, 9
This is a common cosmopolitan species, almost exclusively occurring in acid waters (Siver 1995) . Found at localities 6 and 7. and glabra were not discerned.
(3) Based on Asmund (1968) and Cronberg & Kristiansen (1980) . (4) Based on Cronberg & Kristiansen (1980) , Wawrzyniak & Andersen (1985) and Siver (1987) . (5) Based on Vigna (1979) . (6) Based on Siver (1988) . (7) Based on Vigna et al. (2005) and Barreto (2005) . (8) Based on Kristiansen et al. (1997) . (9) Mallomonas crassisquama (Asmund) Fott  Fig. 11 This is an almost cosmopolitan, pH-indifferent species, occurring over a wide pH range from 5.2 to 8.7, with maximum appearance between pH 6.5 and 7.5 and weighted mean pH of 6.6 (Siver 1991) . In paleolimnological studies a decrease in M. crassisquama scales was correlated with drops in lakewater pH below 5.0 caused by acidic deposition (e.g. Dixit et al. 1988) . Mallomonas crassisquama was supposed to avoid acidic peat-bog localities (Siver 1991) . During this study M. crassisquama was sampled at locality 1 (mire near Katterjåkk) with pH of 4.9. A few isolated scales were also found in Krkonoše Mountains mire, Czech Republic, where pH was as low as 5.2 (Němcová et al. 2001) .
Mallomonas corcontica (Kalina) L.S. Péterfi & Momeu Fig. 14 This species seems to be a typical inhabitant of acidic peat bogs (Kalina 1969 , Péterfi & Momeu 1976 , Němcová et al. 2001 . Otherwise M. corcontica was sampled in lakes and ponds mostly with acid pH and low conductivity. It occurred over a pH range from 3.6 (Wujek et al. 2004 ) to 7.2 (Wee et al. 1993) , with weighted mean pH of 4.9. It is distributed in Northern temperate regions (Kristiansen 2002) . Found at localities 6 and 7. New to Sweden. Fig. 12 Mallomonas papillosa has been reported as a cosmopolitan species with preferences for cooler temperatures (Jacobsen 1985 , Kristiansen 2002 . Mallomonas papillosa has a broad distribution along a wide pH continuum, ranging from 4.2 to 9.0 and with the weighted mean pH of 6.6 (Siver 1989) , so it can be considered as a pH indifferent species. Previously it has been classified as acidophilic or acidobiontic (Roijackers & Kessels 1986 ). Found at localities 4, 5 and 8.
Mallomonas papillosa K.Harris & D.E.Bradley var. papillosa
Mallomonas striata Asmund Fig. 13 Var. serrata K.Harris & D.E.Bradley differs from var. striata foremost in having serrate bristles. Neustupa & Němcová (2007) demonstrated the shape differences between scales belonging to the two varietes using methods of geometric morphometry. The scales of M. striata var. striata were characterized generally by a narrower and longer anterior flange connected with a wider shield area and a thinner V-rib, while the scales of M. striata var. serrata possessed a wider and shorter anterior flange, a narrower shield and a thicker V-rib, particularly in the hood area. As only one isolated scale was found, we did not make the shape analyses and the variety was not determined. Mallomonas striata var. striata and M. striata var. serrata are both cosmopolitan taxa. Mallomonas striata was found over the wide range of pH from 5.2 to over 9.0 with weighted mean pH of 7.8 (Siver 1989) . This species was classified as alkaliphilic (Siver 1989) , pH indifferent (Siver 1991) or acidophilic/acidobiontic (Roijackers 1981) . There may be differences in the distribution pattern along the pH gradient on the variety level. Found at locality 5.
Chrysophyceae
Chrysosphaerella longispina Lauterborn emend K.H. Nicholls Figs 15, 16 This species is widespread at more northern latitudes of the northern hemisphere, but is rare or absent in southern regions and the southern hemisphere (Siver et al. 2005 ). It appears to prefer acidic waters (Siver 1995) . Found at locality 8.
Discussion
The number of species found during this investigation was low. At most localities no silica-scaled chrysophytes were found at all. At 8 of 18 sampling sites only 1 to 4 taxa were revealed. As the sampling was done only once in July 2003, the influence of the actual weather conditions must be taken under consideration (e.g. heavy rains might have rinsed out the species). The chrysophyte flora in the Abisko region consisted mainly of acidophilic (S. echinulata, S. sphagnicola, C. longispina) or pH indifferent widely distributed taxa. Along with frequently reported taxa the rare S. petersenii f. bjoerkii and S. obesa sp. nov. were found. According to the biotope character, the acid localities at Abisko may be compared to subalpine and mountain mires e.g. in Krkonoše Mountains (Czech Republic). Němcová et al. (2001) revealed very similar species patterns during their two-year investigation in this region. Likewise the percentage of localities containing silica-scaled chrysophytes and the number of taxa in the selected localities were low. Lederer (1998) explained the low algal diversity in peat-bogs as a consequence of low pH, low conductivity, low nutrient content and extensive waterlevel fluctuations. Although the silica scaled-chrysophytes can survive unfavourable conditions by forming stomatocysts, occurrence and abundance of the species are mostly influenced by their ecological requirements (Siver et al. 2005 , Řezáčová & Neustupa 2007 . More data about available silica content in acid small water-bodies are also needed.
